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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.
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EXECUTIVE SUMMARY

H. J. Degenkolb Associates has performed an evaluation of Building 332 at Lawrence
Livermore National Laboratory (LLNL) for wind and seismic effects. The evaluation
was done following the guidelines of UCRL-15910, "Design and E\f;luation
Guidelines for Department of Energy Facilities gubjected to Natural Phenomena

Hazards." Building 332, consisting of several structu.res,—
QN 5ecouse the building (N

designated as a High Hazard Facility. LLNL provided the seismic response spectra
for this evaluation. The LLNL Design Basis Earthquake Spectra has an effective peak
ground acceleration of 0.82g applied in both the horizontal directions and the verticai

direction simultaneously.

This study consists of separate evaluations of Increment I, Increment III and the
Plenum Building. The analysis was limited to the structural components of these
structures and did not include architectural features, components nor mechanical or
electrical equipment or systems. The seismic analysis was an elastic dynamic analysis
following the UCRL-15910 guidelines.

Building 332 was built in several stages. Increment I was constructed in 1961,
Increment 111 in 1978, and the Plenum Building in 1981. Following the 1980
Greenville earthquake, LLNL strengthened several portions of Increment I,
specifically the Loft Roof, the precast panels surrounding the loft and portions of the
Mechanical Equipment Room and Office area. This report discusses each portion of
Building 332 separately in the report with a building description, a discussion of the
specific analy;is procedures, and the results of the evaluation. It should be noted
that the evaluation criteria for this review are considerably more severe than both the
criteria for the original design and the structural upgrades that followed the

Greenville Earthquake.



The wind loading criteria for the structures as a whole are not as critical as the
seismic criteria, therefore, we have not performed detailed analyses using wind
loading. For the wind-driven missile, the structure is adequate except the metal
siding of the Increment I Mechanical Room. A wind-driven missile (a fifteen pound
2x4 impacting at fifty miles per hour) can penetrate the exterior metal siding and
could potentially damage interior contents mou/nted to the interior‘side of the exterior

walls.

The seismic analysis of the structure has exposed many structural elements where the
demand-to-capacity ratios are greater than 1.0, indicating the specific structural
elements do not meet the criteria. It is our opinion that most of these conditions of
apparent overstress are due to the extreme severity of the criteria and the fact that an
elastic analysis was performed and inelastic response will reduce the demand
significantly more than provided by the F, term in UCRL-15910. In addition, many
of the conditions of apparent overstress are in minor connections where metal might
bend but the consequence of the "failure" will not, in our opinion, affect the
functioning of the building and its systems. We provide a detailed description of the
features with a demand-to-capacity ratios greater than 1.0 in the discussion of each

building. We also include our comments and recommendations.

We do recommend that LLNL consider strengthening several conditions within
Building 332 in the interest of life-safety and improved seismic performance.
Specificaily, unreinforced masonry wall on line 6 of Increment I and the non-ductile
concrete beams on the same line which support steel bracing for Loft Roof should
probably be strengthened similar to previous strengthening of similar conditions on
line 5. Additionally, the connection of the Mechanical Room roof at B-5 in Increment
I could be strengthened as other roof connections along line 5 were strengthened.
These items are in Table IV-1 and specifically Comments Number 1, 24 and 35

address these issues.
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Building 332 is an inherently stout and rugged building with the extensive reinforced
concrete walls of the Radioactive Materials Area (RMA) and the strengthened steel

frame roofs of the Loft and Mechanical Room. We have recommended strengthening

- Line 6 to brace the masonry infill walls and adequately support the loft roof brace

points on the concrete beams on that line. With this strengthening, it is our opinion
that there are no seismic life safety issues in Building 332. While we have identified
conditions in the metal roof structures where metal might bend in the specified
earthquake and the metal siding of the Mechanical Room may be penetrated by a
specified wind driven missile, it is our opinion that the structure of Building 332
should provide a satisfactory structural confinement barrier for hazardous radioactive
materials as defined in DOE Guidelines UCRL-15910 once the minor strengthening

recommendations are completed.
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I. INTRODUCTION

The Lawrence Livermore National Laboratory (LLNL) contracted wjth H. J.
Degenkolb Associates, Engineers, to evaluate three structures of thc; Building 332
Facility in Livermore, California. Degenkolb pé;formed this study under Subcontract
No. 5416000 to the Regents of the University of California.

Building 332, shown in Figure I-1, is a plutonium facility where hazardous
radioactive materials are located. The effects of natural phenomena hazards such as
earthquakes and high winds pose safety risks to the structures, to people within the

structures, to the hazardous contents, and to the environment around the structure.

LLNL previously studied this facility in 1981 using the seismic criteria current at that
time. The criteria for the present study supersede the criteria of the earlier study.

I-1
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Purpose Of Evaluation

The purpose of this evaluation is to update previous seismic hazard studies of
Building 332 using the latest criteria for expected structural performance based on
appropriate seismic force levels. The new crifé;'ia are provided in UCRL 15910 -
Design and Evaluation Guidelines for Department of Energy Facilities Subjected to Natural

Phenomena Hazards (Reference 1).

This evaluation identifies those structural components that do not meet the criteria
when considering the importance of this facility. The Scope of Work limits the study
to the building structures that contain the hazardous materials or are essential for the
safety of the areas where hazardous materials are located. These structures are the
final barrier providing containment of the hazardous materials. The two other
containment barriers, the ventilation system and the glove box systems, are not
included in this report. (Degenkolb provided a separate, previous evaluation of the

critical ventilation systems using UCRL 15910 criteria under this subcontract.)

Based on the results of the evaluation, this report provides recommendations for

mitigation of deficiencies or changes in the criteria.

I-2
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Scope Of Work
This study includes the following structures, shown in Figure I-2: |

-

1.  Increment I including the Radioactive Materials Area (RMA), the second
story Mechanical loft above the RMA, the Mechanical Room Area.

2. Increment III
3. Plenum Building
This study does not include the following structures:
L Increment II
2. Building 335

3. Increment I office areas except where the office area structure affects

seismic response of the Increment I Mechanical Loft and RMA.
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II. BACKGROUND INFORMATION

Lawrence Livermore National Laboratory was shaken by two earthquakes in January
1980 that originated from the nearby Greenville fault. The Richter ‘magnitudes of the
earthquakes were M5.5 and M5.8 [Reference 2]./ There was damage to various
buildings at the Lab as a result of the ground shaking. Building 332 experienced
some damage including minor cracking in the walls and floors of Increment I and
significant damage to the concrete masonry block walls of the Office Wing and the
Mechanical Equipment Room. There was no damage reported in Increment III nor

within the RMA.

As a result of the damage at the site and within the Office Wing of Building 332, the
Department of Energy commissioned a study of the structures and the equipment
contents that comprise the Building 332. This study was conducted by an
Independent Review Committee (IRC) consisting of H. J. Degenkolb Associates,
Brandow and Johnston Associates, Structural Mechanics Associates (SMA), Dr.
William Hall, and Dr. Mete Sozen.

While the IRC Review was in progress, LLNL contracted with Ruth and Going,
Structural Engineers, to prepare design documents for the repair and strengthening of
Increment I as a result of the 1980 earthquake damage. As part of their work, the
original exterior concrete masonry walls of the Mechanical Room were replaced with
lightweight metal panels, the Mechanical Room roof diaphragm was strengthened,
and some interior concrete masonry walls were repaired and strengthened. Their

design documents were complete in May 1981. The construction was complete in

February 1982.

II-1
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While the Ruth & Going seismic upgrade project was in progress, the Independent
Review Committee issued a report titled Seismic Evaluation of the LLNL Plutonium
Facility (Building 332) to the Department of Energy [Reference 3]. The IRC
incorporated the design work of Ruth & Going into that study.

The report, issued in March 1982, provided a consensus opinion ba‘sed on the
independent seismic evaluations prepared by '6egenkolb, Brandow and Johnston, and
SMA. These independent studies were included as appendices to the joint IRC
report. The report included evaluations of the anticipated behavior of the building
structures as well as the critical systems of the buildings.

The evaluation criteria for the IRC study included three postulated levels or types of
earthquake ground motion. The first earthquake was based on a 0.5g peak ground
acceleration and the LLNL response spectral shape, Figure II-1. The second
earthquake was based on the same spectral shape but with a 0.8g peak ground
acceleration. The third earthquake was defined as the same ground motion as the
second earthquake with a superimposed single acceleration spike of 1.2g. In all three
earthquakes, the vertical acceleration was set at two-thirds the horizontal
accelerations. These three ground motion response specira were deemed to envelope
the responses expected from the maximum credible earthquakes generated from the

San Andreas, Hayward, Calaveras, and local, smaller faults.

The firms involved approached the evaluation in different manners. However, in
general, all firms employed linear-elastic computer models of the structures for use in
dynamic analysis computer programs. Structural capacities of members were based
on yield-level code allowable capacities including capacity reduction factors
combined with ductility reduction factors to account for limited inelastic behavior of

the members.

I1-2
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The March 1982 report concluded that some damage to the buildings, glove boxes,

and ventilation systems could be expected as a result of the postulated earthquake

~motions specified for that study. In Increment I, the IRC concluded that the

Mechanical Loft Roof structure, the Mechanical Loft braced frames, exterior precast
panels, Mechanical Equipment Room roof and concrete piers coulci be damaged in
the everit of a major earthquake. The report r'é/commended strengthening of the roof
diaphragm, braced frames, and precast panels. Increment III was deemed adequate

to resist the postulated earthquakes.

As a result of this report, the Laboratory commenced a seismic upgrade project to
correct the deficiencies cited in the report. Frederiksen Engineering prepared
construction documents in 1982 for the seismic strengthening of the Mechanical Loft
Roof, the loft braced frames, the connections of the second story exterior precast
panels to the structure and strengthened connections between the Mechanical Room

Roof and the RMA. The construction was completed in May 1983.

I1-3
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III. EVALUATION CRITERIA

This study has been conducted using the criteria established in UCRL-15910. This
document provides “uniform design and evaluation guidelines for i)rotecﬁon against
natural phenomena . . " including earthquakes,/ strong winds, tornadoes and
flooding. DOE Order 6430.1A references UCRL 15910 as an acceptable approach for
the evaluation of DOE facility structures. LLNL directed that this study incorporate
the UCRL guidelines but with specific exceptions related to the site spectra and

vertical accelerations as noted below.

The UCRL Guidelines attempt to control the amount of conservatism in the
evaluation process to match the importance of the specific facility. The importance of
a facility is judged by several factors including the usage of the building, cost to

repair damage, hazardous exposure to people on and off site, and environmental

hazards.

The Guidelines define the following issues for the review of any structure:
Usage Category and Performance Goals.
Hazard probability to define loading.

Recommended evaluation procedures to assess whether the computed response of

the structure is acceptable.

II-1
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LLNL designates the Usage Category for Building 332 as a High Hazard Facility.

This Usage category is the most severe of four categories. The other three categories,

_in order of ascending importance, are 1. General Use Facilities, 2. Important or Low

Hazard Facilities, and 3. Moderate Hazard Facilities. These categories are explained

in Table 2-1 of the Guidelines.

-
s
-

The High Hazard category is appropriate for facilities where the confinement of
contents is critical for the protection of the public and environment. If is important
that these types of facilities possess a very small potential for damage. As such, the

Guidelines are more conservative for the High Hazard Facilities than for other

categories.

UCRL 15910 specifies Performance Goals for structures in a probabalistic manner.
The performance goal for a High Hazard facility includes providing occupant safety
and a high confidence level that the hazardous contents will remain confined during
and after a major event. The probability is expressed as an acceptably low annual
probability of exceedance that the facility cannot perform in a satisfactory manner.
For High Hazard facilifies, the probability of exceedance should not be greater than

10 in order to maintain hazardous material confinement.

The hazard exceedance probability for earthquakes established in UCRL 15910 for
High Hazard facilities is 2x10*. For comparison, the hazard exceedance probability -

for General Use buildings is 2x10°®, a factor of ten greater than High Hazard

buildings.

I1-2
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UCRL 15910 provides Peak Ground Accelerations (PGA) for each DOE site for each
specified Hazard Annual Probability of Exceedance. However, for this review, LLNL
directed that the study base its seismic motion input on LLNL Design Basis
Earthquake Response Spectra, represented by Newmark Hall median ground
response spectra, Figure ITI-1. The PGA was set at 0.82 g to represent the effective
peak ground acceleration at the site. (It should be noted that Table 4-4 in UCRL
15910 specifies a PGA of 0.68g for a Annual Prébabih'ty of Exceedance of 2x10™*
earthquake.) The effective peak ground acceleration applies to passive component
functions, defined as structures or components whose functionality is static in nature
such as piping, ducting and building structures. No additional modifications to the
PGA were allowed for this review. This response spectrum, including the Peak
Ground Acceleration, supersedes information provided in UCRL 15910, Table 4-4

"Maximum Horizontal Ground Surface Accelerations at DOE Sites."

In addition to the revision to the response spectrum, LLNL directed that the vertical
peak ground acceleration equal the horizontal peak ground. The vertical spectrum is
applied simultaneously with the two horizontal seismic components. This exceeds
the common practice to assume the vertical acceleration equals two-thirds of the

mean horizontal peak acceleration.

UCRL 15910 requires that the maximum spectral acceleration given on the response
spectrum be used for the fundamental mode of vibration of the building when
calculating modal forces on short, stiff buildings. For higher modes of vibration, the
actual spectral acceleration may be used to calculate the modal forces. In general,
this is accomplished by identifying the fundamental period of vibration and then
modifying the shape of the response spectrum, if necessary, such that the maximum

application range includes this period of vibration.

II1-3
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Modal results for each of two horizontal directions plus the vertical direction are
combined using either the Square Root Sum of the Squares method (SRSS5) or the
Complete Quadratic Combination method, an improvement of the SRSS method
when there are closely spaced modes of vibration. Note that commonly used seismic
provisions such as the UBC do not require that/;he vertical compoﬁent be included in

the combination of forces.

The basic evaluation procedure, given in Table 4-5 of UCRL 15910, consists of the

following steps:
1. Evaluate dead and realistic live loads for all elements.

2. Perform elastic dynamic analysis of the building using the specified

response spectra to determine seismic forces in all structural members.

3. Reduce the elastic demand forces using Inelastic Demand Capacity ratios,
F, values. These values take into account the expected available ductility

inherent in different types of construction.

4. Evaluate the total demand forces as the sum of the dead plus live loads

and the inelastic seismic demand forces.
5. Evaluate capacities of members using code ultimate or yield level stresses

based on the minimum specified material strengths. No in-situ material

testing was performed for this evaluation.

114
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6. Evaluate whether the member capacities exceed the member total demand

forces.

7. Evaluate story drifts due to lateral forces. Acceptable drifts are defined as
0.010 times the story height for High Hazard facilities.

-

8.  Check elements for good detailing p'i';ctice for seismic load resisting

elements.

II1-5
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